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[57] ABSTRACT

A safety device at remote control of hydraulic or pneu-
matic machine tools where electric signals are used for
controlling hydraulic or pneumatic valves, for example
machines comprising a selector valve for different hy-
draulic functions, which is controlled by electrohydrau-
lic or electropneumatic converters (N), and where a
control unit is capable by means of electric impulses to
transfer orders via a cable to a receiver unit (H), which
is capable to control said converters (N) via signal con-
verters (L) and amplifiers (M) for amplifying received
signals.

According to the invention the output of the receiver
unit (H) is connected to a zero-detector (P), which 1is
capable, after a certain predetermined time from detec-
tion that there is no output signal from the receiver unit
(H), to detect whether or not there is an output signal
from the respective amplifier (M) or corresponding
means, and when there is an output signal from the
respective amplifier (M), although there 1s no corre-
sponding signal on the output of the receiver unit (H),
to break the current supply to said amplifier (M).

8 Claims, 4 Drawing Figures
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SAFETY DEVICE AT REMOTE CONTROL OF

HYDRAULIC OR PNEUMATIC MACHINE TOOLS

‘This invention relates to a safety device at the remote
control of hydraulic or pneumatic machine tools, espe-
cially load-handling machines.

It 1s often desired, that at such machines the control |

can be effected from the most suitable place, for exam-
ple for eliminating the risk of accidents and for enabling
the driver to attach the load all by himself.

At a known type of devices of this kind the hydraulic
or pneumatic equipment is located at the machine tool
and connected to a portable control unit via an electri-
cal cable. In the hydraulic or pneumatic equipment are
comprised a plurality of proportional electrohydraulic
or electropneumatic converters, which serve as adjust-
ing means and replace or complete the normal lever
control. The communication between the control unit
and the converters is effected through said electric
cable where the control currents are transferred each in
a conductor to the respective converter.

The equipment can comprise a great number of con-
verters, and for each converter a conductor is required.
The cable, therefore, is heavy and clumsy.

At another known device a time-division multiplex
system 1s used, which requires only three conductors
for signal transfer. This system, however, has the one
great disadvantage, that electric interference can give
rise to self-actuation of the system, due above all to the
fact that address changes for codes can occur, because
an interference in a pulse train ingoing to the system is
interpreted as an order to a decoder there located to
shift channel. The result will be entirely uncontrolled
output voltages from the control circuit. |

The same applies when a component in toggle cir-
cuits, decoders or amplifiers is interfered or breaks.

These drawbacks with respect to safety are elimi-
nated entirely by the present invention, which, besides,
offers very low manufacturing costs at the same time as
it meets very high requirements on the control safety.

The present invention, thus, relates to a safety device
at remote control of hydraulic or pneumatic machine
tools, where electric signals are used for controlling
hydraulic or pneumatic valves, for example machines
comprising a selector valve for different hydraulic func-
tions which 1s provided with a number of spring-cen-
tered shdes and two electrohydraulic or electropneu-
matic converters connected to each slide, a control unit
capable to transfer orders by electric impulses via a
cable to a receiver unit, which in its turn is capable to
~ control satd converters, the output of said receiver unit
connected to signal converters and amplifiers for ampli-
fying received signals and controlling said converters.
The invention is characterized in that the output of the
receiver unit also is connected to a zero detector, which
~ 18 capable, after a certain predetermined time from de-
tecting that there is no output signal from the receiver
unit, to detect whether or not there is an output signal
from the respective ampilifier or corresponding means,
and when there is an output signal from the respective
ampltfier, although there is no corresponding signal on
the output of the receiver unit, to break the current
supply to said amplifier. |

The invention is described in greater detail in the
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following, with reference to the accompanying draw-

ings where, in order to exemplify an application of the

2

Invention -also a system for transferring electric im-
pulses is shown, and in which

FIG. 11s a block diagram of a control unit according
to said system,

FIG. 2 1s a block diagram of a receiver and signal
converting unit according to satd system, to which the
invention is applied,

FIG. 3 1s a detail view of a block in FIG. 2,

FIG. 4 is a detail view of a block in FIG. 2.

The present invention is described below by way of
example in connection with a device according to a
system for controlling the hydraulics, in connection
with a selector valve, which is provided with six con-
ventional spring-centered slides (not shown, each with a
position change proportional to the lever deflection of
the control unit. It is obvious, however, that the inven-
tion can be applied to other systems.

The device can be applied also to pneumatic circuits.

Each slide can be actuated from the spring-centered
central position to an end position by means of electro-
hydraulic or electropneumatic converters N. One con-
verter moves the slide from the central position in one
direction, and the other converter moves the slide in the
other directton. These converters, which in the example
below are twelve in number, replace or complete the
direct lever control of the selector unit. |

The converters can be of a suitable known type and
be arranged to convert an electric pulse train from a
control circuit into a means pressure, which by balanc-
ing against the spring-centered slides of the selector
valve gives rise to a slide deflection corresponding to
pulse length or pulse height.

According to the system, address codes are trans-
ferred from a control unit located in a place other than
at the machine in question by means of a plurality of
conductors In a control cable, one address at a time and
In series, 0 a receiver unit at the machine, where each
address 1s allotted a definite space. The address code is
built up so as to agree with standardized so-called BCD-
code, so that there is a possibility of controlling the
recelver unit, instead of by the control unit, by a com-
puter. A computer control can be switched-in at the
same time as a manual control by the control unit.

The receiver unit is arranged to decode received
code and thereafter to actuate via amplifier the ad-
dressed converter which, as mentioned, is capable to
actuate the selector valve. -

The control unit may have any suitable design, but
preferably 1t is designed so that in this example six levers
are provided, which can be moved from a spring-cen-
tered neutral position in two directions. Each lever here

~corresponds to a slide in the selector valve. Upon move-

ment of a lever in one direction, a converter actuates a
slide, and upon movement of the lever in the other
direction the other one of the two converters actuates
said lastmentioned slide.

The said system is such, that for the control of each
slide two signals are received from the control unit, one
signal indicating the direction of the movement of a
lever, and one signal indicating the size of the lever
deflection. The signals are maintained all the way to the
respective amplifier. Of course, one signal can be gener-
ated which indicates the direction, and a second signal
which indicates the opposite direction and deflection.

At said mentioned known time-division multiplex
system such signal continuity does not exist, and the
system, therefore, is sensitive to electric interferences,
resulting in address changes and/or changes in size of
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said deflections, which in its turn gives rlse to uncon-
trolled operations of the machine. B

The block diagram of the control unit shown in’ F IG .

1 comprises an oscillator A, which controls a ring
counter B, which emits scanning pulses in turn to trans-
ducers C1 to C6 of difference type. Th oscillator A
operates, for example, with a frequency of 300 c/s,
whereby through the 6-channel ring counter 50 c/s
trigger signals to each one of the difference transducers

are obtained.

Each transducer is controlled by a lever 1-6. The
transducers C1-C6 are capable, in the manner described

below, to emit two output signals x and y, which are of
equal length when the mechanic lever 1-6 is in neutral
position. When the lever 1-6 is moved in one direction,
the pulse length x decreases while the pulse length y
increases. The relation is inverse when the lever 1-6 1s
moved in the 0pp031te direction.

The difference in pulse length is proportional to the
lever deflection. The difference and the direction are
detected in the detector D1-D6, which are capable to
emit a signal z indicating the difference in pulse length
and a signal y when the pulse length y exceeds the pulse
length x.

The output signals z thus received, and indicating the
deflection of a lever, from the detectors D1-Dé are
converted in an encoder E into so-called BCD-code.

The output signals y received, and indicating the
“direction of a lever 1-6, from the detectors D1-D6 are
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collected in a multi-gate F to serve as the fourth bit of 30

the BCD-code, viz. the bit 8. The gate F can be a so-
called 8-input-or gate. |

The outputs 20,21,22,23 from the encoder E and mul-
ti-gate F are connected to an amplifier, so-called line-
driver, the outputs 24,25,26,27 of which are connected
via said cable to the inputs 28,29,30,31 of the receiver
umnit.

dressings possible, viz, 1-7 and, when F is actuated,
9-15. When the system 1s expanded to five conductors
in the cable, thirty addresses can be obtained, with six
conductors sixtytwo addresses, a.s.0. .

The receiver unit is comprised in a line receiver H,
which feeds ingoing address codes to a decoder K,
which is a so-called 4/16-decoder.

In the decoder K the BCD-code is decoded in usual
manner, and the decoder is capable to emit on its out-
puts K1-Kg a signal corresponding to the output signal
X of the respective transducer C1-C6 when the output
signal y of the respective decoder ts zero, and on its
outputs K9—K 14 to emit a signal corresponding to the
output signal X of the respective transducer C1-C6
when the output signal y of the respective decoder is
different from zero.

The outputs K1~-Kg and K¢o-K 14 are connected each
to a signal converter L and amplifier M, of which ampli-
fiers each is connected to one of said twelve converters
N. In FIG. 2, however, only one signal converter L,
one amplifier M and one converter N are shown.

The signal converter L, according to one embodi-
ment, is a pulse extender. The pulses appearing on the
respective output Ki-Kg, K9-Kis4 have a duration,
which in the above example at maximum is one three-
hundredth part of a second and is repeated fifty times
per second. The signal converter L can be designed to
extend the pulses so that at full deflection of a lever 1-6
a continuous signal out from the signal converter is

received. The output signal from the signal converter is

This device, thus, renders fourteen proportional ad-
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4

the input signal in the amplifier M, which in its turn
controls the respective converter N so that the slide
associated therewith in the selector valve is displaced.

The signal converter, instead of exteding the pulses,
can be arranged so as t0 emit a continuous signal, the
voltage level of which depends on the pulse length on
the respective output of the decoder K, or be arranged
sO as to convert the pulse length into a suitable pulse
train. |

The above system consists of standard components

and is illustrated in detail in Swedish patent application
79084 50-5.

According to the present invention, the line receiver
H comprises a pulse length comparison circuit, which
transmits pulses onward to the decoder K only when
the pulses have correct length.

When the pulses are too short, the line receiver does

' not emit a corresponding output signal, and when the

pulses are too long, the line receiver blocks the respec-
tive output concerned. When the pulses are incorrect,
thus, the respective output is blocked, thereby provid-
ing an effective protection against short circuits and
other faults in the control unit or cable.

In FIG. 2 also a zero-detector P is shown.

The zero-detector P is connected to all amplifiers M
via conductors 32 (in FIG. 2 only one of twelve con-
ductors is shown) and is connected to outputs of the line
receiver H corresponding to said deflection of the trans-
ducers. The zero-detector P is capable, after a certain
predetermined time from zero-detection, i.e. there 1s no
signal on any of the outputs in the line receiver, to
detect whether or not there is an output signal from the
respective amplifier M. The said time 1s the maximum
pulse extension time in the signal converting circuit L.
When there is an output signal from an amplifier M after
the predetermined time, although there 1s no corre-
sponding signal on the outputs of the line receiver H,
the zero-detector P is capable to break the control cur-
rent to a relay Q, which thereby interrupts the voltage
feed to the amplifiers M via conductors 33.

In FIG. 2 the zero-detector P is shown to comprise a
gate 34, a delay circuit 35 and a comparison circuit 36.

In FIG. 3 the input protection comprised in the re-
cetver H is shown in detail. |
The input protection comprises a capacitor Cl, a
resistor R1 connected in series and a Smith-trigger IC1.
A diode D1 and a resistor R2 are connected in parallel
thereto to positive potential. Between the resistor R2
and IC1 connection to earth potential 1s provided
through a capacitor C2. An input 37 is connected to one
of the three outputs from a receiver circuit or the like in
the line receiver which emit a signal concerning said
deflection of a lever, i.e. is connected to one of the
inputs 28,29,30 when the input 31 is assumed to be the
one which emits a signal concerning said dlrectlon of a
lever.

Three identical circuits, thus, are provided, one of
which is shown in FIG. 3, and each circuit is connected
to one of said three inputs 28,29,30 to the line recetver.

The function of the input protection is as follows.
Without input signal the capacitor C2 is positively
charged through the resistors R1,R2, and the output of

‘the Smith-trigger IC1 is low.

At a signal on the input of the circuit which 1s nega-
tive, C2 is discharged through R2. When the signal
pulse exceeds in length the time constant for the partial
circuit R2-C2, the Smith-trigger IC1 is activated and
switches over so that its output is high. When the signal
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pulse is too short, i.e. shorter than the discharge time for
the partial circuit R2-C2, the Smith-trigger never will
switch over, and nothing happens at its output: The part
of the mput protection described so far, thus, has the
effect that only signal pulses of a certain minimum
length, which is determined by the discharge time for
the partial circuit R2-C2, are parmitted to pass through.

A negative signal pulse on the input 37 has the effect
that the right-hand side of the capacitor C1 is low. C1 is
charged through R1. When the pulse is long, the right-
hand side of C1 will be so high that the Smith-trigger
IC1 switches over although the pulse has not finished.
The maximum pulse length, thus, is determined by the
charging time for the partial circuit C1-R1.

Through the input circuit, thus, a shortest and a lon-
gest pulse length are determined which are to pass
through the circuit and to emit a signal to the outputs
38,39 of the Smith-trigger IC1. One output 39 is con-
nected to the decoder K, and the other output is con-
nected to the zero detecting circuit P.

Each of the outputs of the three input circuits corre-
sponding to the output 38 is connected to an inverter or-
gate A1, which in FIG. 2 is the gate 34. The zero detect-
ing circuit P further comprises a diode D2 and a Smith-
trigger IC2 in series therewith, the output of which is
connected to a second inverted or- gate A2. Between
the diode D2 and IC2 a resistor R3 and a capacitor C3
are provided, of which the resistor R3 is connected to
positive potential, and the capacitor C3 is connected to
earth potential.

From each of the amplifiers M, preferably from its
final step, a final transistor or the like is connected via a
diode D4-D12 to a single Smith-trigger IC3, the output
of which 1s connected to said second inverted or- gate
A2. The diodes D4-D12 are connected to earth via a
resistor R4. The gate A2, thus, is a comparison circuit.
The output of the gate A2 is connected via additional
Smith-triggers IC4 connected in series to the base of a
transistor T, which supplies current to the coil 40 in said
relay Q. Between said lastmentioned Smith-trigger 1C4
and a diode D13 located ahead thereof and in series
therewith, a capacitor C4 is connected to positive po-
tential, and a resistor RS is connected to earth potential.

‘The function of the zero detecting circuit is as fol-
lows. On one or several of the inputs 40,41,42 of the first
gate Al there 1s a signal when a scanning signal scans
deflection of a lever 1-6. When there is a signal, the
output 43 of the gate Al is low. When there is no input
signal and, thus, no deflection of a lever, the output 43
1s high, and the capacitor C3 is charged. When C3 has
been charged after some time, which is determined by
the circuit R3-C3, the output of the Smith-trigger IC2
shifts from having been high to being low. The circuit
R3-C3, thus, 1s a delay circuit, which in FIG. 2 is desig-
nated by 35 and which 1s capable to establish said prede-
termined time, which substantially corresponds, for
example, to a maximum pulse length to the amplifiers M
from the signal converters L.

When there is a signal from one or more of the diodes
D1-D12, the output of the Smith-trigger IC3 is low,
and when there is no signal from the diodes Dl D12,
the output on IC is high.

The gate A2 is the comparison circuit, which in FIG.
2 is designated by 36. The gate A2 is capable to emit a
signal only when both its inputs are low, i.e. when some
final step of the respective final steps of the amplifiers M
conducts current and when at the same time there 1s no
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6

input'signal extended through the circuit R3-C3 to the
line receiver unit H from the control unit.
- "When the gate A2 emits a signal, the additional

Smith-trigger IC4 switches over so that its output is
- low, whereby the transistor T ceases to conduct current

to the coil 40, and the relay Q breaks the current to the
amplifiers M. The circuit. C4-R4 provides a switch-off
delay for the relay whereby the relay is prevented from
fluttering when there is pulsating faulty signal from said
final step. |

The zero indicating circuit, thus, implies that when
there is no signal from the control unit or, more cor-
rectly, when there is no extension of such a signal, i.e.
that a lever 1-6 does not indicate deflection, and at the
same time a final step drives a converter, the voltage to
the amplifiers M is mterrupted and the driving of the
converter ceases.

A hlgh degree of safety, thus, is achleved in that the
line receiver is programmed not to accept pulses other
than correct ones, and the zero-detector P is arranged
SO as to break the voltage feed to the amplifiers M when
the output signal therefrom does not agree with the
output signal from the line receiver H.

The circuits of the ones mentioned above which are
not shown in detail, are commercially available stan-
dard circuits.

The 1invention must not be regarded restricted to the
embodiments described above, but can be varied within
the scope of the attached claims.

I claim:

1. A safety device at the remote control of hydraulic
or pneumatic machine tools where electric signals are
used for controlling hydraulic or pneumatic valves,
typically in machines comprising a selector valve for
different hydraulic functions, which is provided with a
plurality of spring-centered slides and two electrohy-
draulic or electropneumatic converters (N) connected
to each slide, where a control unit is provided to trans-
fer orders to a receiver unit (H), which in its turn con-
trols said converters, and the output of said receiver
unit 1s connected to signal converters (1.) and amplifiers
(M) for amplifying received signals and controlling said
converters (N), wherein the output of the receiver unit
also 1s connected to a zero-detector (P), which is capa-
ble, after a certain predetermined time from detection
that there is no output signal from the receiver unit (H),
to detect whether or not there is an output signal from
the respective amplifier (M), and when there is an out-
put signal from the respective amplifier (M) although
there 1s no corresponding signal on the output of the
receiver unit (H), to break the current supply to said
amplifier (M). |

2. A safety device as designed in claim 1, wherein the
zero-detector (P) comprises a gate (34) connected to the
output of the receiver unit (H), a time delay circuit (35)
and a comparison circuit (36), which is capable to re-
ceive a signal from the time delay circuit (35) as well as
from the final step or corresponding of the respective
amplifier (M), and to compare the signal occurrence
from the output of the receiver unit (H) with the signal
occurrence from the final step of the amplifiers (M).

3. A safety device as defined in claim 1 or 2, wherein
the zero detecting circuit (P) comprises an inverted
or-gate (A1l and 34) connected to the outputs of the
receiver unit (H), the output of said gate connected to a
second inverted or-gate (A2) and comprises a conduc-
tor (D1-D12) from the final step of each amplifier (M)
connected to said second inverted or-gate (A2), and that
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the output of said second inverted or-gate (A2) controls
a current supply relay (Q) for said amplifiers (M), so
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that when there is a signal from the final step of any

amphifier (M) but not from the output of the receiver
unit (H), the current supply to the amplifiers (M) is
broken by said current supply relay (Q).

4. A safety device as defined in claim 1 or 2, wherein
the output of the receiver unit (H) is arranged to be
scanned only with respect to signals, which represent
the size of the deflection of manual operating members
included in said control unit.

5. A safety device as defined in claim 1 or 2 wherein
pulses are used for transferring information from the
control untt to the receiver unit, and further wherein
the output of the received unit (H) comprises an input
protection to said signal converting circuits (L) and,
respectively, zero-detector (P), which input protection
comprises two RC-circuits (R1,C1, R2, C2 ) capable to
permitthe passage of pulses only, the duration of which
exceeds a time determined by one of the RC-circuits
(R2,C2) and are shorter than a time determined by the
other one of the RC-circuits (R1,C1).

6. A safety device as defined in claim 3, wherein the
output of the receiver unit (H) is arranged to be scanned

3
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the deflection of manual operating members included in
said control unit.

7. A safety device as defined in claim 3, wherein
pulses are used for transferring information from the
control unit to the receiver unit, and further wherein
the output of the receiver unit (H) comprises an input
protection to said signal converting circuits (L) and,
respectively, zero-detector (P), which input protection
comprises two RC-circuits (R1, C1, R2, C2) capable to
permit the passage of pulses only, the duration of which
exceeds a time determined by one of the RC-circuits
(R2, C2) and are shorter than a time determined by the
other one of the RC-circuits (R1, C1).

8. A safety device as defined in claim 4, wherein
pulses are used for transferring information from the
control unit to the receiver unit, and further wherein
the output of the receiver unit (H) comprises an input
protection to said signal converting circuits (L) and,
respectively, zero-detector (P), which input protection
comprises two RC-circuits (R1, C1, R2, C2) capable to
permit the passage of pulses only, the duration of which
exceeds a time determined by one of the RC-circuits
(R2, C2) and are shorter than a time determined by the
other one of the RC-circuits (R1, C1).
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